In non-magnetic bulk materials, inversion symmetry protects the spin degeneracy. If the bulk crystal structure lacks a center of inversion, however, Rashbatype spin-orbit interactions lift the spin-degeneracy, leading to a "Rashba metal"
. As shown in Fig. 1 (a) the unit cell contains 16 atoms with four inequivalent sites for each element. The structure is characterized by two double layers stacked along the b axis, related by a 180
• screw symmetry. The crystal cleaves preferentially along (010) planes between the Bi layers; due to the lack of inversion symmetry, the (010) and (010) and (b). The spectra exhibit a sharp peak at ∼0.4 V, which, by comparison to band structure calculations ( Fig. 2(c) ), we associate with a van Hove singularity in the dispersion of a Dirac surface state near the Γ point of the surface Brillouin zone (BZ). For a parabolic two-dimensional band with Rashba spin-splitting, the width of the peak in the density of states, here 24 mV, is an estimate for the spin-orbit splitting [18] . In Fig. 2(c) , we show the projected bulk bands together with the dispersion of the surface states near E F of (010) As a result, the Dirac electrons of these surface states fractionalize into two inequivalent halves at the top and bottom sides of BiPd.
The next question is whether the topologically non-trivial normal state manifests exotic superconductivity when cooled. We have characterized the superconducting state in BiPd by ultra-low-temperature scanning tunneling microscopy and spectroscopy, transport, specific heat, and magnetic susceptibility. Resistivity and magnetic susceptibility [ Fig. 3 (a), (b)], which are in good agreement with previously published results [15] [16] [17] 19] , as well as specific heat show that BiPd becomes superconducting below T c 3.8 K [20] . The specific heat data reveal a slightly larger discontinuity at T c than expected from BCS theory, while the lowtemperature behaviour indicates a full, nodeless gap. Most importantly, the measurements reveal a significant discrepancy between the upper critical field H c2 determined from specific heat and transport measurements, as can be seen in Fig. 3 Our tunneling spectra, their temperature and magnetic field dependence together with the specific heat data strongly suggest that superconductivity in BiPd behaves rather conventionally, consistent with BCS predictions for a nearly isotropic s-wave order parameter and dominant spin-singlet pairing. A sizeable triplet pairing component, which was recently discussed in the context of topological superconductivity [16, 27] , is expected to lead to zero-bias anomalies due to Majorana surface states. From our data there is no evidence of a finite surface density of states at zero energy in zero field. The fact that the upper critical field obtained from tunneling spectra is consistent with specific heat measurements and the vortex size, but inconsistent with transport data, suggests that transport is governed by superconductivity either with an extremely low superfluid density or near defects.
If these anomalies were due to surface effects as expected for topological superconductivity, they should leave strong signatures in tunneling spectra. Point defects or impurities appear unlikely candidates, because a rather large density would be required to dominate the transport. Superconductivity with a low superfluid density should still be detected in tunneling spectroscopy, therefore the more likely explanation is that superconductivity near extended defects, most likely twin boundaries, is more robust against magnetic field than in the bulk. In fact, our resistivity measurements come into agreement with other techniques if high drive currents are used, suggestive of the suppression of critical currents along filamentary pathways [20] . Enhanced critical fields near twin boundaries in non-centrosymmetric superconductors have recently been posited to occur due to magneto-electric effects [28] , while the formation of orbital currents would be suppressed by scattering at boundaries or by the limited spatial extent of superconductivity nucleated at such a defect.
In summary, these first temperature-and field-dependent tunneling spectra on a noncentrosymmetric superconductor show that BiPd is well described with a single gap, an isotropic s-wave order parameter, and the predictions of BCS theory, confirmed by bulk measurements. Our results suggest that the coupling mechanism which mediates Cooper pairing in BiPd favours s-wave superconductivity, leading to a negligible triplet component [29] . While the superconducting phase of BiPd appears to be topologically trivial, its normal-state band structure exhibits non-trivial features. By means of electronic structure calculations, we have shown that the large atomic SOC of Bi alters the band topology near the Γ point, leading to the appearance of a Dirac-cone surface state, the existence of which is confirmed by our STM measurements of the surface density of states. Our results highlight the importance of a characterization both at macroscopic and microscopic scales to establish a complete picture of the physical properties, while the ability to apply STM to noncentrosymmetric superconductors will open new avenues of exploration in this exciting field.
METHODS

Crystal Growth
Large single crystals of BiPd were grown by a modified Bridgman-Stockbarger technique. 
STM measurements
All experiments were performed using a home-built STM, operating in cryogenic vacuum at temperatures down to 10 mK and in magnetic fields up to 14 T [21] . Single-crystal samples of BiPd were cleaved in-situ at low temperatures. We used STM tips cut from a platinum-iridium wire. Bias voltages were applied to the sample, with the tip at virtual ground. Differential conductance spectra were recorded through a standard lock-in technique with frequency f = 433 Hz.
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The superconducting transition temperature has been extracted from magnetometry, transport and specific heat experiments. The samples have also been characterized by X-ray diffraction to confirm the crystal structure.
As can be seen from low-temperature, low-field value), our data agree well with those published previously [15] , including our residual resistivity ratio of up to 140. For H c2 , our results are consistent with previously published SQUID measurements [19] , though somewhat lower than what has been reported from transport [15] . Our resistivity data only agree with other techniques when high drive currents are used.
S2. Electronic-structure calculations
To assess the influence of spin-orbit coupling on the electronic structure in the bulk, we have performed fully relativistic ab-initio calculations. With increasing spin-orbit interaction the p 1/2 bands at the Γ point move down in energy, opening up a band gap within which a Dirac-cone surface state appears, see Figs. 2 and S3.
We find that around the Fermi energy E F , the bands are mainly of Bi 6p orbital character with subdominant but non-negligible contributions of Pd 4d states. Thirteen bands cross E F leading to several disconnected Fermi surfaces, some of which are quasi two-dimensional with cylindrical shapes oriented along the k z direction of the Brillouin zone (BZ) (cf. Fig. 2(d) , (e)). The strong atomic SOC of Bi induces a spin splitting of the bands of the order of tens of meV and, moreover, results in a large energy shift of states that have predominant p 1/2 orbital character [33] and moves them into a directional band gap near the Γ-point (see Fig. S2 ).
In Fig. S3 we present the momentum-resolved surface density of states at the two Biterminated sides of BiPd. This figure should be compared with Fig. 2 in the main text. 
S3. Specific Heat Calculation
The electronic contribution to the specific heat has been calculated from C en = γT .
